Purpose Despite the widespread practice of fasting, there are no studies looking at ocular surface inflammation, specifically matrix metalloproteinase 9 (MMP-9) testing, during fasting. In this prospective study, we wanted to evaluate the effect of Ramadan fasting on the level of tear film MMP-9 as well as other standard indicators of dry eye disease. Methods Forty healthy patients without history of ocular disease were tested before and toward the end of Ramadan. Each patient was assessed at each timepoint for tear film MMP-9 positivity as measured by a commercially available test (InflammaDry; Quidel Corp., San Diego, CA, USA) which detects MMP-9 levels of more than 40 ng/ml. Ocular surface disease index (OSDI) scores, tear breakup time (TBUT), Schirmer I test (S1T) and corneal fluorescein staining (CFS) were also evaluated at each timepoint. Results InflammaDry was positive in 10 patients (25%) prior to Ramadan and 21 patients (52.5%) during Ramadan fasting, and this change was statistically significant (p = 0.02). Mean TBUT decreased from 7 s prior to Ramadan to 5.3 s during Ramadan fasting, and this change was statistically significant (p = 0.01). OSDI, CFS and S1T did not show any statistically significant changes (p [ 0.05 for all). Conclusion Ramadan fasting has a significant impact on TBUT and ocular surface inflammation detected by Inflamma Dry testing. Patients who suffer from dry eye disease and those who develop symptoms during Ramadan are advised to consult with a physician before or during Ramadan fasting.
Introduction
Fasting is practiced widely for both health benefits and spiritual and religious purposes. Religious daytime fasting is practiced by millions of Muslims during the month of Ramadan and involves complete abstinence from food and water from sunrise to sunset. During this month, alterations in dietary composition and sleep schedules are also common [1, 2] . Significant systemic and ophthalmic changes have been observed during Ramadan fasting [3] [4] [5] . The latter include ocular biometric alterations [5] [6] [7] [8] and changes in tear film protein composition, osmolarity and secretion [9] [10] [11] [12] .
The role of matrix metalloproteases (MMP) as a reactive component in ocular surface disease is well established. In particular, MMP-9 is a proteolytic B. K. Armstrong (&) Á I. R. Coc Á P. Agarwal Á S. Smith Á S. Navon Cleveland Clinic Abu Dhabi -Eye Institute, Al Maryah Island -Sowwah Square, PO Box 112412, Abu Dhabi, United Arab Emirates e-mail: ArmstrB@ClevelandClinicAbuDhabi.ae enzyme produced by epithelial cells and is elevated in patients with ocular surface diseases, including dry eye syndrome [13] [14] [15] [16] [17] [18] . MMP-9 stimulates the production of inflammatory cytokines and other mediators that further augment the inflammatory cycle [19] [20] [21] [22] [23] [24] [25] . The significant and reproducible elevation of MMP-9 in patients with dry eye has led to the development of a simple point-of-care commercially available assay for its detection (InflammaDry; Quidel Corp., San Diego, CA, USA) [13] [14] [15] 26] . Despite the widespread practice of fasting, there are no studies looking at the results of InflammaDry testing during fasting. In this study, we measured the levels of tear MMP-9 as well as other standard indicators of dry eye disease in subjects before and during Ramadan fasting.
Methods
All procedures performed were in accordance with the ethical standards and approval of the Cleveland Clinic Abu Dhabi institutional review board and the 1964 Helsinki Declaration. Written consent was obtained from all participants after explanation of the protocol in Arabic or English according to patient preference. This study incorporated two timepoints and was carried out from May to June 2018. The first nonfasting timepoint was in the week preceding Ramadan. The second fasting timepoint was in the afternoon between noon and 5 pm during either the third or fourth week of Ramadan which occurred from 16 May to 14 June 2018. Fifty participants were initially enrolled in this study for the first timepoint. Inclusion criteria included patients above the age of 18 years that would be fasting (food and fluid) from dawn to dusk during the month of Ramadan. Exclusion criteria included patients having history of systemic diseases including diabetes mellitus, collagen/vascular tissue disease, thyroid disease, rosacea, diabetes insipidus, diarrhea or vitamin A deficiency; patients taking systemic medications including anticholinergics, betablockers, antidepressants, antihistamines, antiparkinsonians or artificial hormones such as androgens or estrogens; patients with a known history of dry eye disease; patients with ocular surface diseases including blepharitis, trachoma and allergic conjunctivitis; patients with a history of previous ocular surgery; and patients who had worn contact lenses within 1 week of the exam. The same clinical tests were performed at each timepoint.
Subjective symptoms were measured using the Ocular Surface Disease Index (OSDI) survey. This is a self-administered 12-item questionnaire designed to provide a global measure of dry eye. The OSDI score ranges from 0 to 100, where a score of 0 indicates no disability and 100 indicates extreme disability.
InflammaDry testing was performed to determine if patients exhibited elevated tear film levels of MMP-9. A trained ophthalmic nurse performed the test according to the manufacturer's instructions on each eye separately. To perform the test, the nurse collected a tear sample from the patient's palpebral conjunctiva until the sampling fleece was saturated. The test cassette was assembled and dipped into the provided test buffer solution for activation. After 10 min, the test values were read. The presence of one blue line and one red line of any intensity in the test result window indicated a positive test result (MMP-9 C 40 ng/mL). One blue line indicated a negative test result (MMP-9 \ 40 ng/mL). The subject was considered InflammaDry positive if the testing was positive in either one or both eyes.
Tear film breakup time (TBUT) was evaluated 2 min after instillation of one drop of fluorescein sodium 2% preservative-free eye solution (Bausch & Lomb U.K Limited, Surrey, UK) into the inferior fornix. Subjects were instructed to blink, and the precorneal tear film was examined under blue light illumination with a slit lamp biomicroscope. The interval between the blink and the appearance of the first dark spot or discontinuity in the pre-corneal fluorescein-stained tear layer was then recorded in seconds (s).
Corneal fluorescein staining (CFS) was scored according to the Oxford grading scheme. The result was based on the number of dots on a five-point scale: no dot = grade 0, 1 to 5 dots = grade 1, 6 to 15 dots = grade 2, 16 to 30 dots = grade 3 and [ 30 dots = grade 4. Additionally, if there was one area of confluence, one point was added. Two points were added if there were C 2 areas of confluence or if filamentary keratitis was present.
Basal tear secretion (BTS) was measured by performing Schirmer 1 testing (S1T). First, topical anesthetic oxybuprocaine hydrochloride 0.4% preservative-free eye solution (Bausch & Lomb U.K Limited, Surrey, UK) was instilled into the inferior fornix of each eye. Schirmer test strips (Eagle Vision, Memphis, TN, USA) were then placed within the lower eyelid margin at the junction of the lateral and middle thirds for 5 min. The strip wetting was measured and recorded in millimeters. If complete wetting of the strips occurred before 5 min and the person administering the test felt that an initial response occurred because of reflex tear secretion (RTS), the test was repeated after taking measures to prevent reflex tearing (i.e., re-anesthetizing the eye and removing any potential irritants). If complete wetting of the strips again occurred before 5 min, the Schirmer score was extrapolated linearly to the 5-min end point.
If signs or symptoms of dry eye were detected at the first examination timepoint, the condition was not treated until after the second examination timepoint so as not to confound the impact of fasting. Patients were instructed not to initiate any oral or topical eye medications or lubricants (including nutritional supplements) during the study.
Statistical analysis was performed using Stata 12.0 statistical software (StataCorp LLC, College Station, Texas). Comparison of the rate of InflammaDry test result positivity assessed during non-fasting and fasting periods was performed using the two-tailed Fisher's exact test. Comparison of the results of the OSDI questionnaire, TBUT, CFS and S1T between the two timepoints was performed using the two-tailed one sample Student's t test.
Results
The study enrolled 50 patients who were tested at timepoint #1 (non-fasting). There were 10 patients who did not follow-up for the fasting timepoint #2 and were thus excluded from the study results. Of the 40 patients who completed testing at both testing timepoints, the mean age was 32 years (range: 23-45 years). Thirteen patients were male, and 27 were female. All testing results are summarized in Table 1 .
During Ramadan fasting, there was a statistically significant increase in InflammaDry positive patients from 25 to 52.5% (p = 0.02) (Fig. 1) and a statistically significant decrease in mean TBUT (p = 0.01). There were no statistically significant changes in OSDI, CFS or BTS during the study.
During the study (May to June 2018), the climate was quite harsh in Abu Dhabi. The month before Ramadan, the mean temperature and humidity were 33°C and 44%, respectively. During the month of Ramadan, the mean temperature and humidity were 35°C and 46%, respectively.
Discussion
Fasting has gained popularity due to its potential benefits for health and longevity [27] [28] [29] [30] in addition to the spiritual and religious practices. Fasting results in ketogenesis and promotes potent changes in metabolic pathways and cellular processes. Variations in the types of fasting exist with respect to the length of time and the composition and amount of food and liquid that is restricted and/or permitted. In order to better understand the acute effects of fasting on the ocular surface, we chose to study patients observing fasting during the month of Ramadan because of its relative simplicity-no food or water is permitted between sunrise and sunset for 1 month with no additional dietary restrictions during the remainder of the day.
In our study, InflammaDry testing showed a statistically significant change during Ramadan fasting, wherein the number of InflammaDry positive patients more than doubled. InflammaDry is a pointof-care MMP-9 test and is approved for detecting elevated levels of MMP-9 in tears of dry eye patients [13] [14] [15] [16] [17] [18] . Whereas the reported sensitivity and specificity of routine dry eye diagnostic methods, such as the BTS, TBUT, CFS, and OSDI, show a variable sensitivity ranging from 42 to 90% and specificity ranging from 17 to 89% [31] , InflammaDry's sensitivity of 85% and specificity of 94% is superior [15] . As a result of the hyperosmolar stress induced during Ramadan fasting [10, 32, 33] , there is a direct proinflammatory effect on the ocular surface epithelium, activating mitogen-activated protein kinases and stimulating secretion of proinflammatory cytokines, chemokines and MMPs [34] [35] [36] . Because MMP-9 is induced by all of the primary inflammatory mediators throughout the inflammatory cascade, it has been shown to precede the development of other dry eye signs [13, 14] .
Among all other dry eye parameters tested in our study, only TBUT showed a statistically significant change. TBUT decreased during Ramadan fasting, whereas BTS, OSDI and CFS did not show any statistically significant changes. Our findings are in agreement with other studies that have shown a significant change in dry eye parameters during Ramadan fasting. A study by Rabbanikhah et al. [12] showed a significant decrease in both BTS and TBUT after 3 weeks of Ramadan fasting. Koktekir et al. [10] found that during Ramadan fasting, tear osmolarity, OSDI, and corneal staining with lissamine green significantly increased, whereas BTS decreased.
There are two studies that were published in Turkey during the fall and winter months that contrast with our findings. They showed no increase in basic dry eye parameters during Ramadan fasting. In a study by Kerimoglu et al. [11] , Ramadan fell in the month of October 2008, and they detected no statistically significant change in BTS or RTS during Ramadan fasting. In a study by Kayikçioǧlu et al. [32] , Ramadan fell in the month of January 1998, and they detected no statistically significant change in TBUT or BTS during Ramadan fasting. Seasonality and latitude are to be considered with regard to both daytime duration and climate. In contrast to these two studies, our study took place in a temperate climate during the summer months from May to June, and our subjects were exposed to a more prolonged fast. During Ramadan in the summer in Abu Dhabi, the mean daily duration of the fast was 13.5 h, compared to approximately 10.5 h for winter and fall in Istanbul.
This study has several limitations. First, the number of subjects was not large enough to analyze individual variables between the InflammaDry positive and negative patients. Second, only one examination in the afternoon in the 3rd or 4th week of Ramadan fasting was performed; therefore, diurnal changes could not be evaluated. Third, it was not possible to isolate the impact of fasting versus lifestyle and sleep changes in this study because these variables are introduced concurrently during Ramadan. Significant sleep changes occur during Ramadan as a result of more stringent accordance with tenants such as prayer and religious observance. During Ramadan, Muslims tend to become more nocturnal and sleep less. These findings were confirmed by BaHammam et al. [2] , who found that bedtime and wake-up times were both delayed and there was a significant reduction in total sleep time in Saudi Arabia. In that study, mean total sleep time decreased from 5.9 h preRamadan to 4.8 h during week 2 of Ramadan (p \ 0.001). This is significant because simply shifting to a nocturnal schedule might alone have an impact on the tear film. A study by Makateb and Torabifard [37] found that night shift workers have increased tear film instability and experience exacerbation of dry eye symptoms. We did not study sleep patterns in our patients, but many of our female patients endorsed sleeping 50% less than normal during Ramadan due to increased food preparation responsibilities.
Several clinical recommendations arise from our findings. First, patients without signs or symptoms of dry eye should be made aware of the potential benefits of lubrication should symptoms develop during periods of fasting. Second, for patients with preexisting dry eye disease who intend to observe Ramadan fasting, consideration could be given to escalating treatment based on the treatment stepladder approach from the International Dry Eye Workshop management and therapy guidelines [38] . These patients may be ideal candidates for initiating anti-inflammatory systemic or topical medications. Nutritional supplementation with omega-3 fatty acids has been shown to have an anti-inflammatory effect [39, 40] . Corticosteroids and tetracycline-class antibiotics inhibit MMP activity and improve ocular surface inflammation [41] . There are also a variety of corticosteroid-sparing antiinflammatory ophthalmic drops that have been shown to be effective and safe for long-term or even cyclical use in patients with dry eye and dry eye-related inflammation. Cyclosporine A 0.05% (Restasis; Allergan, Irvine, CA) is an ophthalmic drop that has been shown to be effective as a treatment for the signs of dry eye syndrome [42] and as an modulator of inflammatory markers on the ocular surface [43, 44] . Cyclosporine A 0.05% works as an inhibitor of T cell proliferation and apoptosis of ocular surface cells [45] .
In a study by Gürdal et al., Cyclosporine A 0.05% was shown to significantly decrease MMP-9 expression in conjunctival epithelial cells of thyroid orbitopathy patients with dry eye syndrome [46] . Lifitegrast 5% (Xiidra; Shire, Lexington, MA) is a more recently available ophthalmic drop that has been shown to be effective in the treatment of the signs and symptoms of dry eye disease [47, 48] . Lifitegrast works as a lymphocyte function-associated antigen-1 (LFA-1) antagonist that blocks binding of intercellular adhesion molecule-1 to LFA-1, which facilitates cellmediated inflammation associated with DED, including honing dendritic cells to T cells and subsequent T cell activation, differentiation, migration, retention and expression on the ocular surface [49] . Either of these corticosteroid-sparing anti-inflammatory ophthalmic drops could be considered in the treatment of ocular surface inflammation related to Ramadan fasting. Lastly, lacrimal gland neurostimulation is a promising new alternative therapy in patients whereby electrical stimulation of the anterior ethmoid nerve increases aqueous tear production [50] . This may play a role for patients within the Muslim community who are concerned that systemic uptake of eye drops will break their fast. The current study is too small to recommend routine supplemental lubrication to all patients intending to observe Ramadan.
Patients may be at risk of exacerbation of dry eye and ocular surface inflammation during Ramadan fasting. The mix of extrinsic factors (i.e., day length, desiccating environment, ultraviolet light exposure) and intrinsic factors (i.e., daytime fasting, sleep schedule disturbances) that can affect tear film quality can make it difficult to ascribe a single cause. Patients who suffer from dry eye disease are advised to consult a physician in preparation for Ramadan fasting.
Clinic Abu Dhabi institutional review board and the 1964 Helsinki Declaration.
Informed consent Written consent was obtained from all participants after explanation of the protocol in Arabic or English according to patient preference.
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